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Objective: The purpose of this study was to analyze the use of operative training resources for vascular surgery residents
(VSRs) and general surgery residents (GSRs) over the past 10 years in the United States, to address questions concerning
adequate endovascular versus open surgical training and the potential to expand the number of VSRs to meet future
workforce needs.
Methods: National operative data from the Residency Review Committee for Surgery (RRC) were analyzed for all vascular
surgery (VS) and general surgery (GS) training programs from 1994 to 2003. GSR experience in programs with and
without associated VS programs was also compared.
Results: Mean total VS volume per VSR increased from 220 operations in 1994 to 368 in 2003, owing to the addition of
140 endovascular procedures by 2003. GSR volume was more stable, with 117 mean total VS operations in 1994 and 122
in 2003. This volume was distributed as approximately 50% major open VS operations for both VSR and GSR. In
addition, 39% of VSR experience was endovascular, whereas 32% of GSR experience was vascular access. The average VSR
performed 2.7 times more major open VS operations than each GSR, but because of the 10-fold greater number of GSRs,
VSRs performed only 20% of the total major operations available for VS training. Selective procedures, such as renal
revascularization and open infrarenal abdominal aortic aneurysm repair decreased over time, while endovascular
abdominal aortic aneurysm repair increased dramatically, accounting for 46% of aortic aneurysm repairs per VSR in 2003.
The mean volume of total interventional procedures per VSR in 2003 was 152 diagnostic and 213 therapeutic. GSRs in
programs with and without an associated VS program had very similar operative volumes.
Conclusions: Interventional procedures have increased VSR operative volume by 50% in recent years, with only a 12%
decrease in major open operations. Nearly all VSRs currently meet RRC minimum requirements for open and
endovascular procedures. Mean GSR operative volume has been stable, and far exceeds RRC minimum requirements.
Based on the number of major open vascular operations available for training in 2003, the current number of VSR
positions could be increased by 50% if GSR operative volume was decreased by 15%. However, increased interventional
volume would also be required, for which there is competition with other specialties. ( J Vasc Surg 2004;40:660-9.)Vascular surgery (VS) training in United States initially
occurs during general surgery (GS) residency, in which VS
is considered an essential component.1 Advanced VS train-
ing then occurs in VS residency, which is required for board
certification in VS. Both GS and VS residency programs are
accredited by the Accreditation Council for Graduate Med-
ical Education (ACGME), and specifically by the Residency
Review Committee for Surgery (RRC). The RRC estab-
lishes program requirements for both GS and VS training,
which include a minimum level of operative experience, in
addition to specific educational goals and objectives.1 In
2000 the RRC established a requirement for endovascular
training for VS residents (VSRs), and began tracking these
procedures. This action reflected the evolution of VS prac-
tice to include fewer invasive endovascular procedures,
which have increased dramatically in recent years.2 In 2002
the RRC established minimum VS training requirements
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doi:10.1016/j.jvs.2004.07.026660for both open and endovascular procedures in specified
“defined categories.”1
Increased use of endovascular techniques in VS practice
has stimulated major changes in VS training. Curriculum
changes were made by the Association of Program Direc-
tors in Vascular Surgery to include endovascular training,
which stimulated most VS residency programs to be ex-
panded from 1 to 2 clinical years. Retraining VS faculty was
also required, to develop expertise in new endovascular
procedures. As endovascular techniques are increasingly
applied, questions have been raised about whether there
will be a sufficient volume of open VS operations to ade-
quately train future residents to perform these complex
procedures. This is well illustrated by the emergence of
endovascular aneurysm repair (EVAR), which in many
institutions now accounts for more than 50% of all infrare-
nal abdominal aortic aneurysm (AAA) repairs. Long con-
sidered an index procedure to judge the adequacy of VS
training, several reports have documented a diminished
volume of open AAA repairs performed by trainees.3-6
To review and accredit GS and VS residency programs,
the RRC collects annual data regarding the operative expe-
rience of all VSRs and GS residents (GSRs). Data are
aggregated to provide an overview of each training pro-
gram, as well as the national average for all VSRs and
GSRs.1 The purpose of this study was to review the opera-
tive experience of VSRs and GSRs in United States over the
JOURNAL OF VASCULAR SURGERY
Volume 40, Number 4 Cronenwett 661last 10 years for which data are available, 1994 to 2003. The
goal of this review was to investigate the effect of endovas-
cular training and the interface between VSRs and GSRs
concerning the distribution of operative experience.
METHODS
Resident Statistics Summaries compiled by the RRC
and distributed annually to VS and GS program directors
were reviewed for 1994 to 2003. Operations are catego-
rized into major groupings by the RRC, such as aneurysm
and cerebrovascular (Table I). More specific sub-categori-
Table I. Operations per vascular surgery resident in major
1994 1995 1996 1997
Total primary operations 220 237 262 267
Major open operations 161 180 201 199
Aneurysm 35.7 38.8 39.5 40.5
Cerebrovascular 41.6 55.5 59.5 61.1
Peripheral 64.8 68.6 73.5 75.3
Abdominal
obstructive
7.9 8.4 10.0 8.4
Upper extremity 3.8 4.1 3.7 4.2
Extra-anatomic 7.6 8.6 9.1 10.0
Minor open 48 51 54 57
Vascular access 21.5 23.2 21.4 27.4
Venous 5.1 5.9 5.5 6.3
Miscellaneous 21.0 21.5 26.9 23.1
Endovascular 5 6 7 11
Endovascular
diagnostic
nr nr nr nr
Endovascular
therapeutic
5.2 6.1 7.2 10.9
Selected individual
procedures
Infrarenal AAA -
ruptured
3.3 4.0 4.0 4.3
Infrarenal AAA -
elective
19.7 20.5 21.5 21.5
Carotid
endarterectomy
37.1 50.5 54.3 56.1
Aortoiliac occlusive 14.5 15.6 15.8 15.5
Femoral-popliteal-
tibial, misc
48.6 51.3 55.1 58.0
Femoral-popliteal
bypass, vein
nr nr nr nr
Femoral-popliteal
bypass, prosthetic
nr nr nr nr
Infrapopliteal bypass,
vein
nr nr nr nr
Celiac/SMA
endarterectomy,
bypass
2.4 2.4 2.9 2.8
Renal endarterectomy,
bypass
4.8 5.8 6.6 5.1
Axillofemoral 3.5 4.1 4.4 4.2
Femoral-femoral 3.6 4.2 4.3 4.9
Balloon angioplasty 2.5 3.1 3.6 6.6
Endovascular AAA nr nr nr nr
Stent nr nr nr nr
Arteriography nr nr nr nr
Total Residents 79 85 86 88
Total Programs 67 72 74 76
RRC, Residency Review Committee for Surgery; AAA, abdominal aortic a
*Compares changes across 10 years by ANOVA.zation of specific operations is also provided; for example,
under aneurysm is repair of infrarenal aorta, emergent; and
repair of infrarenal aorta, elective (Table II, online only).
Data are reported according to the July-June academic
year, and are designated by the year of completion in this
review; that is, the July 2002 to June 2003 year is referred
to as 2003. This review considers only those operations in
which the resident was designated as the operating sur-
geon, for which there can only be 1 resident per operation.
Furthermore, data are recorded only during accredited
years of training. Thus, if a VSR performs interventional
categories
998 1999 2000 2001 2002 2003 P*
57 247 268 279 316 358 .01
90 182 196 176 169 172 .01
41.4 43.8 53.3 41.2 39.7 36.2 .01
58.0 55.8 59.3 49.4 48.4 51.7 .01
70.2 63.9 65.0 68.2 64.3 67.9 ns
8.7 7.8 8.2 6.0 5.0 5.3 .01
1.7 1.6 1.7 3.4 3.7 3.7 .01
8.2 8.8 8.6 8.0 7.5 7.5 ns
55 51 57 39 45 45 ns
23.2 23.3 30.2 18.7 20.7 22.7 ns
7.1 7.4 7.4 8.2 10.4 10.3 .01
24.8 20.0 19.2 12.5 14.2 12.4 ns
12 14 15 64 102 140 .01
nr nr nr 22.2 43.1 61.6 .01
11.6 14.4 15.2 41.5 58.9 78.2 .01
4.1 3.8 4.0 3.8 3.6 3.9 ns
24.2 26.6 31.7 22.1 20.5 18.3 .01
55.5 53.4 56.2 43.6 43.6 45.9 .01
15.6 13.6 14.3 12.6 10.7 12.9 .01
52.6 47.9 48.6 nr nr nr ns
nr nr nr 8.3 7.7 7.3 ns
nr nr nr 7.3 7.1 7.2 ns
nr nr nr 19.5 18.0 18.6 ns
3.5 3.2 3.2 4.3 3.5 4.0 .01
4.2 3.7 3.3 1.7 1.5 1.3 .01
4.1 4.2 4.0 3.4 3.6 3.4 ns
3.9 4.4 4.3 4.5 3.7 3.8 ns
8.2 9.7 9.7 10.6 15.4 23.1 .01
nr nr nr 16.9 22.0 26.3 .01
nr nr nr 6.4 10.6 16.6 .01
nr nr nr 18.7 36.8 52.8 .01
86 93 97 96 104 106
75 80 83 83 88 88
m; SMA, superior mesenteric artery; nr, not recorded; ns, not significant.RRC
1
2
1
neurys
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not yet accredited for 2 years, those procedures are not
reported to the RRC and could not be included in this
analysis.
Before July 2000, operations reported to the RRC were
assigned to individual categories by residents and program
directors on the basis of their best interpretation of the
inclusion criteria for each RRC category. For some catego-
ries, such as carotid endarterectomy, this assignment was
quite specific. Other categories, however, were more gen-
eral, such as femoral-popliteal-tibial artery procedures,
which could include bypass, endarterectomy, graft revision,
and so on. Recognizing the potential variation that could
result in this categorization, the RRC instituted a more
specific assignment system beginning in July 2000. Under
this system each RRC category is defined by specific Cur-
rent Procedural Technology (CPT) codes, and the number
of vascular subcategories was expanded to be more precise.
Furthermore, additional major categories for endovascular
diagnostic and endovascular therapeutic procedures were
added. On the basis of these changes, certain data are
available only after 2000, and there are some changes in
specific procedural volume between 1999 and 2000 that
may have resulted in part from the transition to the more
specific CPT code–based categorization. The only major
RRC category significantly affected by the new CPT-based
coding system was vascular access procedures by GSRs,
which before 2002 had included percutaneous catheters
placed for temporary dialysis or intravenous access. For this
reason, vascular access procedures for GSRs before 2002
were recalculated on the basis of the ratio between the years
immediately before and after introduction of the new CPT
code system, to enable more accurate comparison across
this transition.
Before July 2000 the RRC counted each operation by
each VSR in only 1 RRC category, regardless of the number
of separate procedures performed in that operation. For
example, if a patient underwent an aortofemoral bypass
plus a femoropopliteal bypass, the resident or program
director had to choose 1 of those procedures for data entry.
With the emergence of multiple-component endovascular
procedures, the RRC instituted a new policy to track “sec-
ondary” procedures performed by VSRs, beginning in July
2000. These may have been additional components of
primary interventional procedures, such as initial diagnostic
arteriography performed before an interventional angio-
plasty, only 1 of which could be categorized as the primary
procedure. They could also be interventional procedures
performed in combination with open procedures, if the
open procedure was categorized as the primary operation.
Under this system, if an operation has several different
procedural components, 1 of these is selected as the pri-
mary procedure, and the others are reported as secondary
procedures. Thus, from 2000 to 2003, data are available for
primary and secondary procedures performed by VSRs.
The number of primary procedures indicates the number of
separate operative encounters, and corresponds to the
number of total operations reported in previous years. Thenumber of secondary procedures may be multiple for each
operative encounter, and was not recorded prior to 2000.
Secondary procedures are not tracked for GSRs, who still
select a single dominant procedure to report for each
vascular operation.
The RRC has established minimum volume require-
ments for resident training in VS. Each GSR must perform
at least 44 primary operations in the vascular “defined
category,” which includes major arterial operations, and for
GSRs also includes vascular access. Each VSR must perform
at least 100 major open arterial operations as a primary
procedure. In addition, each VSR must perform 30 abdom-
inal, 25 cerebrovascular, 45 peripheral, 10 complex, 50
endovascular diagnostic, 25 endovascular therapeutic, and
5 EVAR procedures in their total experience (combining
primary and secondary procedures). The range of operative
experience reported by the RRC for VSRs and GSRs was
examined in the review to determine the proportion of
residents who currently meet these requirements.
For purposes of this report, “major open vascular op-
erations” are defined as the sum of the major RRC catego-
ries for aneurysm repair, and cerebrovascular, peripheral
obstructive, abdominal obstructive, upper extremity, and
extra-anatomic procedures. For some analyses the less fre-
quent categories of abdominal obstructive, upper extrem-
ity, and extra-anatomic procedures were combined and
referred to as “other major.” The endovascular therapeutic
category includes EVAR, as well as angioplasty, stent,
thrombolysis, and vena cava filter procedures.
Detailed procedures included in each major RRC cat-
egory are listed in Table II (online only). Amputations and
trauma surgery were excluded from this analysis. To specif-
ically investigate the interaction between VSR and GSR,
data regarding major categories of vascular procedures
performed by GSR in those programs with and without an
associated VS residency were analyzed for 2 representative
years, 1996 and 2003.
Differences in the mean number of procedures per
resident were analyzed between different years with analysis
of variance (ANOVA), with P  .05 considered a signifi-
cant change. In each case ANOVA was applied to data over
10 years, and if a significant change was observed, subsets of
years where apparent differences existed were compared
with additional ANOVA.
RESULTS
From 1994 to 2003 the number of VS residency pro-
grams increased from 67 to 88, with an increase in VSRs
from 79 to 106 per year. During the same 10-year interval,
GS residency programs decreased from 268 to 252, and the
number of finishing GSRs decreased from 999 to 961 each
year. From 1994 to 2003 a total of 920 residents completed
VS training and 9835 residents completed GS training
(Tables I and III).
Mean total vascular operations per VSR increased from
220 in 1994 to 267 in 1997 (P  .01). Total volume was
relatively stable for the next 3 years, then increased dramat-
ically to 368 from 2000 to 2003 (P  .01; Fig 1). This
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endovascular procedures, since the mean number of major
open operations decreased by 12% from 2000 to 2003 (P
.01; Table I). Mean total vascular operative volume per
GSR was more stable over the last 10 years, and included
few endovascular procedures (Table III). The average
number of total vascular operations per GSR increased
from 117 in 1994 to 133 in 1997 (P  .01). There was
then a gradual decrease in this total volume to 122 opera-
tions in 2003 (P  .01; Fig 2).
The number of major open vascular operations per VSR
averaged 183 per year over the last 10 years, while GSRs
averaged 68 open vascular operations. VSR volume in-
creased from 1994 to 1996, was stable through 1999, then
decreased between 2000 and 2003, ultimately returning to
the same level as in 1994 (Fig 1). During the 7 years ending
in 2000 the average VSR performed 188 major open vas-
cular operations, but in the 3 subsequent years this number
decreased to 172 (P  .01). Mean open major operative
Table III. Operations per general surgery resident by maj
1994 1995 1996
Total primary operations 117 125 130
Major open operations 62 67 71
Aneurysm 13.1 13.5 13.6
Cerebrovascular 14.5 17.8 21.3
Peripheral 27.5 29.1 29.5
Abdominal obstructive 1.2 1.2 1.2
Upper extremity 1.8 1.8 1.9
Extra-anatomic 3.6 3.5 3.5
Minor open 56 58 59
Vascular access 25.8 26.8 27.5
Venous 6.6 6.8 7.4
Miscellaneous 13.3 13.4 12.8
Endovascular 3 3 3
Endovascular diagnostic nr nr nr
Endovascular therapeutic 3.0 3.0 3.1
Selected individual procedures
Infrarenal AAA - ruptured 1.7 1.7 1.7
Infrarenal AAA - elective 7.8 8.1 8.1
Carotid endarterectomy 13.7 16.9 20.5
Aortoiliac occlusive 6.3 6.4 6.5
Femoral-popliteal-tibial, misc 20.8 22.3 22.5
Femoral-popliteal bypass,
vein
nr nr nr
Femoral-popliteal bypass,
prosthetic
nr nr nr
Infrapopliteal bypass, vein nr nr nr
Celiac/SMA
endarterectomy, bypass
0.5 0.5 0.5
Renal Endarterectomy,
bypass
0.6 0.6 0.6
Axillofemoral 1.4 1.4 1.5
Femoral-femoral 2.1 2.0 2.0
Balloon angioplasty 0.4 0.6 0.6
Endovascular AAA nr nr nr
Stent nr nr nr
Arteriography nr nr nr
Total residents 999 998 999 1
Total programs 268 265 263
RRC, Residency Review Committee for Surgery; AAA, abdominal aortic a
*Compares changes across 10 years by ANOVA.volume per GSR was quite constant over the last 10 years
(Fig 2). During this interval the average VSR performed
2.7 times more major open vascular operations than the
average GSR did. However, because of the 10-fold greater
number of GSRs, this group performed a total of 62,000 to
73,000 major open vascular operations per year over the
last 10 years, whereas all VSRs performed only 13,000 to
19,000 such operations per year. The percentage of total
major open vascular operations available for VSR and GSR
training that were performed by VSRs increased gradually
from 18% in 1994 to 23% in 2003 (P .01), averaging 20%
during these 10 years.
In 2003 the average distribution of total vascular oper-
ations per VSR was 48% major open, 39% endovascular,
6.5% minor open, and 6.5% vascular access procedures.
During the same year the average distribution of total
vascular operations per GSR was 53% major open, 32%
vascular access, 10% minor open, and 5% endovascular
procedures. Considering open surgery alone, VSRs most
RC categories
1998 1999 2000 2001 2002 2003 P*
130 122 128 123 123 122 .01
73 66 68 65 67 64 .01
13.0 12.4 11.8 11.0 10.4 9.4 .01
24.1 23.6 23.7 22.8 22.7 21.9 .01
29.2 28.5 27.5 26.0 29.4 27.6 .01
1.3 1.3 1.2 1.0 0.6 0.5 .01
1.3 1.1 1.0 1.0 0.8 0.9 .01
3.7 3.3 3.2 3.1 2.9 2.7 .01
57 56 59 58 51 51 .01
26.6 26.0 27.4 26.8 37.1 38.6 .01
6.7 7.5 7.6 7.3 7.7 7.5 .01
11.9 11.5 9.7 8.8 6.2 5.2 .01
4 4 4 4 6 7 .01
nr nr nr nr 0.9 0.9 ns
3.7 3.8 3.9 3.8 4.6 5.6 .01
1.8 1.7 1.4 1.3 1.3 1.2 ns
7.9 7.6 7.4 7.0 6.5 5.7 .01
23.4 23.0 23.1 22.2 21.2 20.4 .01
6.2 5.9 5.5 5.2 4.00 4.10 .01
22.3 21.9 21.2 19.9 nr nr .01
nr nr nr nr 4.1 4.1 .01
nr nr nr nr 4.5 4.2 .01
nr nr nr nr 6.7 6.3 .01
0.4 0.4 0.4 0.4 0.4 0.4 ns
0.7 0.7 0.6 0.5 0.2 0.1 .02
1.5 1.3 1.3 1.2 1.1 1.0 ns
2.1 1.9 1.9 1.7 1.8 1.7 ns
1.1 1.2 1.3 1.1 1.0 1.1 ns
nr nr nr nr 0.7 1.2 ns
nr nr nr nr 0.2 0.4 ns
nr nr nr nr 0.4 0.6 ns
853 996 989 1021 1005 961
221 240 252 253 254 252
m; SMA, superior mesenteric artery; nr, not recorded; ns, not significant.or R
1997
133
72
13.7
22.5
29.4
1.2
1.6
3.4
61
28.2
7.6
12.8
4
nr
3.5
1.7
8.3
21.8
6.2
22.8
nr
nr
nr
0.5
0.6
1.5
1.9
0.7
nr
nr
nr
014
262
neurys
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Black line indicates total major open operations. Only primary operations are included.Fig 2. Mean volume of total vascular operations per general surgery resident completing training from 1994 to 2003.
Black line indicates total major open operations. Only primary operations are included.
ed.
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(24%), and aneurysm (17%) operations, whereas GSRs
most frequently performed vascular access (34%), periph-
eral (24%), and cerebrovascular (19%) operations.
These operation profiles did not show major changes
over time, although there were some statistically significant
changes in the volume of specific major categories from
year to year (Tables I and III). Average cerebrovascular
volume for VSRs increased from 1994 to 1997, then de-
creased from 2000 to 2001 (P .01). Abdominal obstruc-
tive procedures (specifically renal revascularization) de-
creased gradually for VSRs since 1996 (P .01). For GSRs,
cerebrovascular volume increased steadily from 1994 to
1998 (P .01). Aneurysm volume gradually decreased for
GSRs from 1994 to 2003 (P  .01), whereas vascular
access gradually increased over the 10 years (P  .01).
The effect of EVAR on VSR experience has been signifi-
cant. EVAR was first recorded in the RRC database in 2001,
when the mean EVAR volume for VSR was 17. By 2003 this
had increased by 56% (P .01; Fig 3). During the same 3-year
interval the mean volume of open infrarenal AAA repairs per
VSR decreased by 42% (P  .01), whereas ruptured and
suprarenal AAA repair volumes were constant. Considering all
aortic aneurysm repairs, the mean volume per VSR increased
by 100% over the last 10 years. In 2003 EVAR comprised 46%
of all AAA repairs and fully 59% of all infrarenal AAA repairs.
During the same period the mean number of AAA repairs
decreased for GSRs, from a high of 11 procedures in 1997 to
9 procedures in 2003 (P .01).
Fig 3. Mean volume of aortic aneurysm repair operatio
from 1994 to 2003. Only primary operations are includInterventional procedures have had the most effect on
VSR operative profiles over the last 10 years. Excluding
EVAR, the mean number of primary interventional proce-
dures performed by VSRs increased from 5 in 1994 to 114
in 2003, excluding any secondary procedures (P .01). In
2003, 46% of these procedures were therapeutic and 54%
were diagnostic. The 4 most frequent primary procedure
types, that is, arteriography, stenting, balloon angioplasty,
and vena cava filter placement, increased in total by 250%
from 2001 to 2003 (P  .01; Fig 4). In addition to these
primary interventional procedures, which indicate the
number of individual patient encounters, a large number of
secondary interventional procedures were performed by
VSRs over the last 3 years when these have been recorded.
Excluding EVAR, a mean of 53 secondary interventional
therapeutic procedures were performed per VSR in 2003,
for a total of 105 therapeutic interventional procedures.
There was a mean of 152 interventional diagnostic proce-
dures per VSR in 2003, for a total of 213 interventional
diagnostic procedures (Table II, internet only). Most sec-
ondary procedures recorded in 2003 were in the categories
of endovascular and peripheral obstructive (Table II, inter-
net only).
In 1996, 28% of GS residency programs had an associ-
ated VS residency in the same institution. By 2003 this
increased to 35%, and these GS programs accounted for
48% of all GSRs. This confirms that larger GS programs are
more likely to have an associated VS residency. GSRs in
programs with and without an associated VS program had
type per vascular surgery resident completing trainingns by
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number of total major VS operations performed by GSRs
was identical in programs with and without an associated
VS residency. In 2003 GSRs with an associated VS training
program performed on average 60 total major VS opera-
tions, compared with 66 by GSRs without an associated VS
program (P  .01). There were also some statistically
significant differences in various categories of operations
(Table IV), but in no case was the average GSR experience
reduced by more than a few operations in 2003 if an
associated VS residency was present.
In 2003, 100% of GSRs met the RRC minimal volume
requirement of 44 vascular operations, and the average
Fig 4. Mean volume of interventional procedures by cat
1994 to 2003. Only primary procedures are included.
Table IV. Effect of associated VS residency on GSR opera
Associated VS program:
1996
No Yes
Total major vascular 71.1 72.7
Aneurysms 14.1 13.2
Cerebrovascular 21.6 21.4
Peripheral obstructive 28.6 30.9
Abdominal obstructive 1.2 1.4
Upper extremity 2 1.9
Extra-anatomic 3.5 3.9
Miscellaneous 25 22.7
Vascular access 76.3 82
VS, Vascular surgery.GSR experience was more than twice this amount. Overall,
there was a 2.2-fold variation in total VS volume between
GSRs at the 10th and 90th percentiles, with an even larger
3-fold to 5-fold variation in the major RRC categories
(Table V).
In 2003, all VSRs met the RRC minimum requirement
of 100 major open vascular operations. The number of
VSRs meeting the other RRC-defined category minimum
requirements in 2003 were abdominal, 97%; cerebrovascu-
lar, 97%; peripheral, 94%; complex, 93%; endovascular ther-
apeutic, 90%; and endovascular diagnostic, 88%. Compar-
ing individual VSRs, there was generally a 2-fold to 3-fold
variation between the 10th and 90th percentiles (Table V).
per vascular surgery residents completing training from
volume
Volume per GSR
2003
P No Yes P
ns 66.1 59.8 .01
.02 9.8 9 .04
ns 24.1 19.6 .01
.01 28.2 26.9 ns
.02 0.5 0.5 ns
ns 0.9 0.9 ns
.01 2.6 2.9 .02
.01 5.3 5.2 ns
.01 39.8 35.7 .01egorytive
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therapeutic procedures and a 12-fold variation in endovas-
cular diagnotic procedures (Table V).
DISCUSSION
This review describes VS training over the last 10 years
from the perspective of operative volume. This is an over-
simplification, because VS training in the United States is
based on a broad curriculum that includes both open and
endovascular surgery, as well as vascular medicine, diagnos-
tic vascular laboratory, and vascular imaging techniques.7
However, the RRC and the American Board of Surgery
have long recognized the importance of adequate operative
experience during surgical training, and have applied nu-
Table V. Variation in operations per resident for VSR
and GSR by major RRC category, 2003
Vascular surgery
Primary operations
10% 30% 50% 70% 90%
Aneurysm 19 25 34 42 60
Cerebrovascular 30 40 49 60 76
Peripheral obstr 45 52 59 77 102
Abdominal obstr 1 2 4 6 11
Upper extremity 1 2 3 4 8
Extra-anatomic 3 5 7 9 14
Venous 2 4 7 12 19
Endo therapeutic 24 44 69 93 149
Endo diagnostic 11 30 54 75 127
Vascular access 1 6 13 23 55
Total operations (primary plus secondary)
Vascular surgery 10% 30% 50% 70% 90%
Aneurysm 19 26 35 45 66
Cerebrovascular 30 41 50 63 84
Peripheral obstr 49 71 88 118 168
Abdominal obstr 1 2 5 8 16
Upper extremity 1 2 3 4 9
Extra-anatomic 3 6 9 12 22
Venous 2 4 9 15 29
Endo therapeutic 26 75 127 179 294
Endo diagnostic 15 111 186 263 439
Vascular access 1 6 14 26 63
General surgery
Primary operations
10% 30% 50% 70% 90%
Aneurysm 4 7 9 12 18
Cerebrovascular 10 15 20 27 40
Peripheral obstr 14 21 26 33 45
Abdominal obstr 0 0 0 1 1
Upper extremity 0 1 1 1 2
Extra-anatomic 1 2 3 4 5
Venous 2 4 6 9 16
Endotherapeutic 1 2 4 7 14
Endo diagnostic 0 0 0 1 2
Vascular access 18 27 35 45 58
Columns indicate the number of operations at each percentile of all resi-
dents.
*VSR, Vascular surgery residents; GSR, general surgery residents, RRC,
Residency Review Committee for Surgery; obstr, obstructive.merical criteria for program accreditation and individual
surgeon certification.1,8
The effect of increased use of endovascular techniques
in VS practice has yet to be fully realized. Dramatic changes
have already occurred in AAA, aortoiliac, and renal artery
surgery, but these techniques are being increasingly applied
in peripheral, mesenteric, and carotid arteries.2 As a result,
VS training programs have had to make rapid accommoda-
tions, which by this review have been quite impressive over
the last 3 years. A striking observation was the 42% reduc-
tion in open infrarenal AAA repair per VSR since 2000,
when endovascular grafts became commercially available in
the United States. However, this was associated with such a
dramatic increase in EVAR that total AAA repair per VSR
increased by 50%. For GSRs, open infrarenal AAA repair
decreased by 22% since 2000, a reduction that has only
been partially compensated for with new EVAR volume.
Similar observations have been made at several individual
institutions. At Emory University, open AAA decreased
50% for VSRs and GSRs in recent years, which was more
than compensated for by new EVAR volume, but only for
VSRs.3 Similar trends were found at Washington Universi-
ty.6 Others have reported a total increase in AAA volume
without a reduction in open AAA repair,4,5,9 but this likely
reflects local referral practice rather than the national trend
reflected in this review. This experience is reminiscent of
the 68% decrease in open cholecystectomy volume per GSR
between 1994 and 1997, with a greater increase in laparo-
scopic cholecystectomy such that total volume per GSR
increased by 54%.10
An even more striking observation was the 7-fold in-
crease in interventional procedures, excluding EVAR, per-
formed by VSRs over the last 3 years. In 2002 the RRC
established minimum interventional requirements of 50
diagnostic and 25 therapeutic procedures to be performed
by a VSR as the primary operator, which correspond to
those recommended by Society for Vascular Surgery (SVS)
credentialing guidelines.11 Given the rapid increase in the
volume of these procedures reported over the last 3 years, it
appears that most VS training programs will meet these
RRC requirements, which take effect this year. However,
this is a minimal requirement, because SVS guidelines
recommend at least an equal number of procedures not
necessarily as the primary operator.11 Nevertheless, this
represents a substantial accomplishment by VS program
faculty, many of whom had to acquire new interventional
skills to assume appropriate trainer roles.
A limitation of this study is that procedures performed
by VSRs during a non-accredited preliminary year are not
reported to the RRC, and therefore could not be included
in this analysis. If a large number of endovascular proce-
dures are being performed by VSRs during non-accredited
years, and are not reported, total volume of these proce-
dures would be underestimated. As programs then become
accredited for 2 years, there could be an apparent increase
in these procedures, which would only represent a report-
ing increase. The effect of this cannot be calculated, be-
cause the RRC does not release individual program infor-
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and for data reported for 2002 and 2003, only 9 and 23
programs, respectively, were so accredited. Thus it is un-
likely that the increased numbers of endovascular proce-
dures reported for VSRs in recent years in accounted for by
changes in reporting alone.
Most VS training programs have added an additional
clinical year to the 1-year minimum clinical training re-
quired. At present, 63% of VS residencies are accredited by
the ACGME for 2 clinical years. Many programs previously
included a non-accredited preliminary year for research,
and most have transitioned this year to involve substantial
interventional experience, as well as training in vascular
medicine, vascular laboratory, and vascular imaging tech-
niques. While this has enabled an increase in interventional
training, it has increased the total duration of training and
reduced research opportunities, which have been displaced
by clinical activity.
The number of VS training positions has increased by
34% over the last 10 years, as additional programs have
achieved accreditation or previously accredited programs
have received approval for additional trainees. The number
of VSRs is not regulated, which is the case for all medical
specialties in the United States. Rather, the ACGME is
responsible for establishing minimal credentialing require-
ments for training programs. There is no agency responsi-
ble for regulating the total number of training positions or
for linking this number to future workforce projections.
Rather, the number of VS training positions is limited by
available operative volume and caps that have been placed
on the total number of residents who can be reimbursed
through Medicare within each institution.
Future workforce projections suggest that additional
VS training positions are required. Because of increased
longevity, in combination with the Baby Boomer effect, the
US population older than age 65 years will increase by 73%
by 2030.12 In 1996 Stanley et al12 estimated that 28
additional VS training positions needed to be added to the
then existing 86 positions to meet these future needs. Since
then, 20 positions have been gradually added, but a more
recent estimate suggests that this is insufficient and that
160 VSRs need to be trained per year, starting now, to meet
the VS workforce requirement in 2030.13 This represents a
50% increase in the number of current VSR positions. Many
factors influence this projection, including market share,
retirement age, and the wide variation in current supply of
board-certified vascular surgeons in various regions of the
United States.14 Current trends in these factors suggest
that the number of VS training positions needs to be
increased, however, which raises the question of whether
there is sufficient operative material available for training to
permit this.
Based on the number of major open VS operations
performed by trainees in 2003, the current number of VSR
positions could be increased to 160 if the volume of GSR
vascular experience is decreased by 15%. Such a decrease in
VS volume would still meet the RRC minimum require-
ments for GSR training, if it is assumed that this were donein those 80% of GS programs with ample VS operative
experience. However, the number of interventional proce-
dures available for VS training would also need to be
increased, inasmuch as the current volume is only adequate
for existing VSRs. Increasing interventional volume for
VSRs does not involve competition with GSRs, but with
trainees in other specialties, such as cardiology and inter-
ventional radiology, in which there is less history of success-
ful negotiation.
An important question is how much VS training is
required for GSRs who will not perform a VS residency?
This appears to hinge on the subsequent practice patterns
of general surgeons, which have been well documented in
recent years. In 1996 only 10% of practicing general sur-
geons performed major vascular operations in the Medicare
population.14 Rather, most perform vascular access and
minor VS operations.14-16 There are still some general
surgeons who perform VS, particularly in rural areas, and all
GSRs require training in the basic techniques of VS. How-
ever, this review suggests that a substantial increase in the
number of VS training programs could be accomplished
with little overall effect on GSR training. A more significant
challenge will be the achievement of adequate endovascular
experience for new VS programs, because of competition
with other specialties. However, this review demonstrates
that VS training programs are progressing rapidly to meet
these requirements, with little negative effect on associated
GSR training. In the future, as interventional procedures
replace an additional proportion of open operations, such
as carotid endarterectomy, careful consideration will be
required to achieve an appropriate distribution of volume
between VSRs and GSRs.
In conclusion, it is a credit to VS program directors that
VS training has changed rapidly to meet the endovascular
requirement of current practice. This has been largely suc-
cessful, because most 2003 VSRs met the minimum RRC
and SVS endovascular requirements. Only a minor decrease
in open surgical experience has resulted, because most
programs have added an additional clinical year to accom-
modate interventional procedures. Future expansion of
endovascular applications may erode open vascular surgery,
but ample volume can be achieved for VSRs with only
minor shifts from VS operations currently performed by
GSRs. Increasing future endovascular volumes will require
effective competition with other specialties.
APPENDIX: SUPPLEMENTARY DATA
Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.jvs.2004.07.
026.
I appreciate the assistance of Doris A. Stoll, PhD,
Executive Director of the Residency Review Committee for
Surgery, and Thomas Richter, MA, Systems Manager of
Operations and Data Analysis of the Accreditation Council
for Graduate Medical Education, who supplied the data for
this analysis.
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Additional material for this article may be found online
at www.mosby.com/jvs.DISCUSSIONDr Frank LoGerfo (Boston, Mass). Overall, I take this pre-
sentation as good news. In fact, the news may be somewhat better
than your analysis.
First, have you considered the effect of the current rate of
expansion of programs? Currently, we expand at approximately 3
per year, and that has held true since 1994. If we now propose
100% increase over the next 10 years, the stress on the system
would come from the expansion, in addition to what we’re already
doing, because what we’re already doing has not perturbed the
system. The number of operations done today as compared with
1994 is virtually identical. Some new programs actually bring new
volume. When you expand the program, for example, you might
add a community hospital, add a trainee, and actually bring new
vascular volume into the residency training pool, so that we don’t
constantly draw on this 1 pie.
So I would conclude even more emphatically that the overall
system can accommodate expansion. And I’m sure, as everyone
here is thinking, that it really isn’t a problem of volume. Our
problem is in the number of trainees who are interested in vascular
surgery. And you, I’m sure, will agree that we must work very hard
to make our specialty appear more attractive, to be stronger
mentors, and to have a more positive view of our own specialty and
bring new people into it.
Dr Jack L. Cronenwett. I agree with you that the real
challenge is probably more in attracting candidates, at this point,
than determining exactly at what rate to increase the number of
trainees. But I think the analyses of future workforce needs are
relatively conservative. Only if we immediately increase our volume
of trainees by 50%, assuming no loss of market share in the
performance of these procedures, will we have the correct number
of vascular surgeons to meet the needs of the expanding elderlypopulation in the future. If we gradually increase, which is the way
it will probably happen, there will probably be some future work-
force deficiencies.
Your other point concerned the development of new sources
of operative volume. Vascular programs have always arisen only in
those institutions with sufficient volume to support them. I believe
that there are institutions with sufficient volume to support addi-
tional trainees, and this would likely include new cases not being
done currently by any trainees. Even without this consideration,
this study demonstrated that there is adequate open material
available for training vascular surgery residents with, very little
effect on general surgery training programs. The real challenge for
us is to continue our successful development of interventional
procedures.
Dr G. Patrick Clagett (Dallas, Tex). Clearly, we can tolerate
more, and we need more expansion of vascular programs. If you
focus only on those general surgery residency programs in institu-
tions where there are vascular residencies, is the operative volume
for the general surgery residents sufficient?
Dr Cronenwett. I discuss this question in the manuscript, and
examined these data during 2 different years. Seven years ago there
was absolutely no difference in the general surgery resident oper-
ative vascular experience in programs with or without an associated
vascular program. In the most recent last year, general surgery
residents in programs with an associated vascular fellowship per-
formed 6 fewer total vascular operations than those without an
associated vascular program. Although this was a statistically sig-
nificant difference, because of the large numbers, practically speak-
ing, there was no difference. Again, this is because vascular pro-
grams have only been approved in institutions that have a large
enough volume to support them.
